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NOVEL IMPLANTABLE LEAD INCLUDING SENSOR 
TECHNICAL FIELD 

[0001] The present invention relates to implantable medical electrical leads 
and more particularly to leads including a stimulating electrode and a 
physiological sensor and the arrangements thereof along a body of the leads. 

BACKGROUND 

[0002] Cardiac rhythm management (CRM) systems often employ an 
implantable medical device (IMD) coupled to an endocardial surface of a 
patient's right heart via one or more medical electrical leads. Typically the 
one or more leads include electrodes for both stimulating the heart and 
sensing electrical activity of the heart. In order to provide better management 
of cardiac conditions, the one or more leads may also include a physiological 
sensor. In many cases, it is desirable that all the necessary electrodes and a 
physiological sensor be carried on a single lead body wherein locations of 
each electrode and the sensor along the lead body accommodate proper 
function of the lead to meet the therapeutic objectives of the CRM system. For 
example, it is important to position certain types of physiological sensors in 
high flow regions of the right heart; examples of these types of sensors, well 
known to those skilled in the art, include oxygen sensors, pressure sensors, 
temperature sensors and flow sensors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003]The following drawings are illustrative of particular embodiments of the 
invention and therefore do not limit its scope, but are presented to assist in 
providing a proper understanding of the invention. The drawings are not to 
scale (unless so stated) and are intended for use in conjunction with the 
explanations in the following detailed description. The present invention will 
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hereinafter be described in conjunction with the appended drawings, wherein 
like numerals denote like elements, and: 

[0004] Figures 1A-B are plan views of medical electrical leads according to 

alternate embodiments of the present invention; 

[0005] Figure 2 is a schematic view of an inside of a right heart; 

[0006] Figures 3-5 are schematic views of the right heart depicted in Figure 2 

including alternate embodiments of leads implanted therein; 

[0007] Figures 6A-7B are partial plan views of distal portions of leads 

according to further alternate embodiments of the present invention; and 

[0008] Figure 8 is a schematic depicting steps of a method for implanting a 

lead according to one embodiment of the present invention. 

DETAILED DESCRIPTION 

[0009] The following detailed description is exemplary in nature and is not 
intended to limit the scope, applicability, or configuration of the invention in any 
way. Rather, the following description provides a practical illustration for 
implementing exemplary embodiments of the invention. 
[0010] Figures 1A-B are plan views of medical electrical leads according to 
alternate embodiments of the present invention. Figure 1A illustrates a lead 
10 including a lead body 1 1 having a proximal portion 12 and a distal portion 
13; distal portion 13 includes a distal tip 14, to which a fixation element 15 and 
a cathode tip electrode 16 are coupled, a defibrillation electrode 19 positioned 
proximal to distal tip 14 and a sensor 17 positioned proximal to defibrillation 
electrode 19. Figure 18 illustrates a lead 100 also including lead body 1 1 , 
however, according to this embodiment, sensor 17 is positioned distal to 
defibrillation electrode 19 and distal tip 14 further includes an anode ring 
electrode 18 and cathode tip electrode 16 is combined into fixation element 
15. Appropriate cathode electrode, anode electrode and defibrillation 
electrode designs known to those skilled in the art may be incorporated into 
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embodiments of the present invention. Although Figures 1A-B illustrate 
proximal portion 12 including a secx)nd defibrillation electrode 20, 
embodiments of the present invention need not include second defibrillation 
electrode 20. For those embodiments including defibrillation electrode 20, 
electrode 20 is positioned along lead body such that electrode 20 is located in 
proximity to a junction between a superior vena cava 310 and a right atrium 
300 when distal portion 13 of lead body 1 1 is implanted in a right ventricle 200 
(Figure 3). Additionally, tip electrode 16 and ring electrode 18 are not 
necessary elements of embodiments of the present invention, 
[0011] Figures 1A-B illustrate fixation element 15 as a distally extending helix, 
however element 15 may take on other forms, such as tines or barbs, and may 
extend from distal tip 14 at a different position and in a different direction, so 
long as element 15 couples lead body 11 to an endocardial surface of the 
heart in such a way to accommodate positioning of defibrillation electrode 19 
and sensor 17 appropriately, as will be described in conjunction with Figures 
2-5. 

[0012] According to alternate embodiments of the present invention, sensor 
17 is selected from a group of physiological sensors, which should be 
positioned in high flow regions of a circulatory system in order to assure 
proper function and long term implant viability of the sensor; examples from 
this group are well known to those skilled in the art and include, but are not 
limited to oxygen sensors, pressure sensors, flow sensors and temperature 
sensors. Commonly assigned U.S. patent 5,564,434 describes the 
construction of a pressure and temperature sensor and means for integrating 
the sensor into an implantable lead body. Commonly assigned U.S. patent 
4,791 ,935 describes the construction of an oxygen sensor and means for 
integrating the sensor into an implantable lead body. The teachings U.S. 
patents 5,564,434 and 4,791 ,935, which provide means for constructing some 
embodiments of the present invention, are incorporated by reference herein. 
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[001 3] Figures 1A-B further illustrates lead body 1 1 joined to connector legs 2 
via a first transition sleeve 3 and a second transition sleeve 4; connector legs 
2 are adapted to electrically couple electrodes 15, 16, 19 and 20 and sensor 
17 to an IMD in a manner well known to those skilled in the art. Insulated 
electrical conductors, not shown, coupling each electrode 15, 16, 19 and 20 
and sensor 17 to connector legs 2, extend within lead body 11. Arrangements 
of the conductors within lead body 1 1 include coaxial positioning, non-coaxial 
positioning and a combination thereof; according to one exemplary 
embodiment, lead body 1 1 is formed in part by a silicone or polyurethane 
multilumen tube, wherein each lumen carries one or more conductors. 
[0014] Figure 2 is a schematic view of an inside of a right heart. Figure 2 
illustrates a tricuspid valve (TV) 202 above a right ventricle (RV) 200, a lateral 
free wall 240 of RV 200 (peeled back), an RV apex 210, a septal/anterior free 
wall groove 220 and an RV outflow tract (RVOT) 204 leading to a pulmonary 
valve (RV) 205. According to the present invention a cross-hatched zone 
within RV 200 represents a high flow region defined by a 3 dimensional space 
in an upper portion of RV 200, below TV 202 and along RVOT 204; 
embodiments of the present invention, for example leads 10, 100, include a 
sensor positioned along a lead body such that the sensor is located 
somewhere in the high flow region when the lead is implanted. Blood flow 
through the right heart is well known to those skilled in the art and need not be 
detailed herein. 

[001 5] Figures 3-5 are schematic views of the right heart depicted in Figure 2 
including alternate embodiments of leads implanted therein. Figure 3 
illustrates lead body 1 1 , for example of lead 10 illustrated in Figure 1 A, 
implanted in RV 200 with fixation element 16 coupled to an endocardial 
surface in proximity to RV apex 210; a portion of defibrillation electrode 19 
extends approximately along septal/free wall groove 220 and sensor 17 is 
located in a portion of the high flow region (Figure 2) along RVOT 204. Figure 
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4 illustrates an alternate implant position for lead body 1 1 wherein fixation 
element 16 is coupled to the endocardial surface in proximity to RVOT 204; a 
portion of defibrillation electrode 19 extends approximately along septal/free 
wall groove 220. but in this case, sensor 17 is located in another portion of the 
high flow region that is below TV 202. 

[001 6] Figure 5 illustrates lead body 1 1 , for example of lead 100 illustrated in 
Figure 1B, implanted in RV 200 with fixation element 16 coupled to an 
endocardial surface in proximity to RVOT 204; a portion of defibrillation 
electrode 19 extends approximately along lateral free wall 240 and sensor 17 
is located in a portion of the high flow region (Figure 2) along RVOT 204. 
[001 7] Positions of sensor 17 and defibrillation electrode 19 along lead body, 
according to embodiments of the present invention, accommodate both a 
location of sensor 17 in the high flow region and a location of a portion of 
electrode 19 near RV apex 210. Referring to Figure 1A in conjunction with 
Figure 3 and 4, according to alternate embodiments of the invention, pressure 
sensor is positioned along lead body 1 1 at a distance In a range of 
approximately 8cm to approximately 12 cm from a distal end 141 of distal tip 
14, and a distal end 191 of defibrillation electrode 19 is positioned at a 
distance in a range of approximately 8mm to approximately 14 mm from 
distal end 191; an intended location along an endocardial surface, for coupling 
of fixation element 16, and a length of defibrillation electrode 19 may impact 
an exact position of these elements along lead body 1 1 . Referring to Figure 
1B in conjunction with Figure 5, according to further alternate embodiments of 
the invention, pressure sensor is positioned along lead body 1 1 at a distance 
in a range of approximately 2cm to approximately 5cm from a distal end 141 of 
distal tip 14, and a distal end 191 of defibrillation electrode 19 is positioned at 
a distance in a range of approximately 5 cm to approximately 8 cm from distal 
end 141. 
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[0018] Figure 3 further illustrates a length 9 of lead body 1 1 extending from 
proximal portion 12 to distal portion 13 (Figure 1A), which, according to one 
embodiment of the present invention, includes a stiffening member to aid in 
pushing lead body 1 1 Into the illustrated position and buttressing lead body 1 1 
in order to hold sensor 17 and defibrillation electrode 19 in the position once 
the lead is implanted. One example of a stiffening member suitable for this 
purpose is a tube of polyurethane overlaying lead body 1 1 along length 9; 
other examples include an element inserted within lead body 1 1 or a stiffened 
portion of one of the conductors extending along length 9. Length 9 may 
extend from sensor 17 to defibrillation electrode 20 or may only extend from 
sensor 17, proximally, far enough to achieve the illustrated position. 
[0019] Figures 6A-7B are partial plan views of distal portions of leads 
according to further alternate embodiments of the present invention wherein 
preformed bends are incorporated to aid in positioning the leads within RV 
200. Figure 6A illustrates a distal portion 1 10 of lead body 1 1 including a 
preformed bend 63 positioned between distal tip 14 and sensor 17; bend 63 
may aid in directing distal tip 14 toward an endocardial surface in RVOT 204, 
for example as illustrated in Figure 5 where fixation element 16 would be 
directed into the page. Figure 6B illustrates a distal portion 1 15 of lead body 
11 including a preformed bend 66 positioned between pressure sensor 17 and 
defibrillation electrode 19; bend 66 may aid in directing and holding distal 
portion 1 15 within RV 200 such as is illustrated in Figure 3. Figures 7A-B 
illustrate a distal portion 120 of lead body 1 1 from a side and an end, 
respectively, wherein a first curve 73 and a second curve 74 are pre-formed in 
lead body 1 1 . Preformed first and second curves 73, 74 may aid in directing 
and holding distal portion 120 in RV 200 such as is illustrated in Figure 5 
where fixation element 16 would be directed into the page. According to an 
alternate embodiment second preformed curve 74 directs distal tip 14 in an 
opposite direction to that illustrated in Figure 78. Means for pre-forming 
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curves 63, 66, 73 and 74 are well known to those skilled in the art of lead 
construction, examples of which include incorporating a preformed resilient 
coiled member, a preformed segment of polymer tubing or a molded polymer 
component into or around lead body 1 1 . 

[0020] Figure 8 is a schematic depicting steps of a method for implanting a 
lead according to one embodiment of the present invention. Figure 8 
illustrates a distal portion of a lead body, for example distal portion 120, from 
Figures 7A-B. straightened by an internal stylet wire (not shown) and 
advanced within RV 200 per arrow A; once distal tip 14 is well within RV 200, 
the stylet is retracted to allow lead body 1 1 to bend, shown by dashed lines, 
per arrow B into prefonned curve 74. Referring now to Figure 5, stylet is 
further withdrawn and lead body 1 1 further advanced in order to position lead 
so that fixation member 16 may be coupled to an endocardial surface in RVOT 
204 with defibrillation coil 19 draped in RV apex 210; preformed curve 73 
(Figure 7A) may facilitate such a positioning. 

[0021] In the foregoing detailed description, the invention has been described 
with reference to specific embodiments. However, it may be appreciated that 
various modifications and changes can be made without departing from the 
scope of the invention as set forth in the appended claims. 


